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ABSTRACT
We use the KPNO International Spectroscopic Survey (KISS) for emission-line galaxies to identify
and describe a sample of local analogues to the luminous compact blue galaxies (LCBGs) that are
observed to be abundant at intermediate and high redshift. The sample is selected using criteria
believed effective at isolating true examples of LCBGs: SBe(B-band) < 21.0 mag arcsec
−2, MB <
−18.5 (for H0 = 75 km s−1 Mpc−1), and B − V < 0.6. Additionally, all LCBG candidates presented
are selected to have star-formation as their dominant form of activity. We examine the properties
of our LCBGs and compare them to those of other KISS star-forming galaxies of the same absolute
magnitude range. We find that the KISS LCBGs lie on the extreme end of a fairly continuous
distribution of “normal” star-forming galaxies in the plane of surface brightness versus color. This
result differs from the results of previous studies that show LCBGs at higher-z to be more separate
from the “normal” (usually non-active) galaxies they are compared against. On average, LCBGs have
a higher tendency to emit detectable flux in the radio continuum, have higher Hα luminosities by a
factor of 1.6, indicating strong star-formation activity, and have slightly lower than expected metal
abundances based on the luminosity-metallicity relation for KISS galaxies. We calculate the volume
density of our low-z (z < 0.045) sample to be 5.4× 10−4h375Mpc−3, approximately 4 times lower than
the volume density of the LCBGs at 0.4 < z < 0.7 and ∼10 times lower than the volume density of
the population at 0.7 < z < 1.0.
Subject headings: galaxies: starburst — galaxies: active —galaxies: evolution — galaxies: structure
1. INTRODUCTION
Common at intermediate and high redshifts, yet
rare in the local universe, luminous compact blue
galaxies (LCBGs) typically have luminosities equal
to or greater than that of the Milky Way but
are considerably smaller in size (Koo et al. 1994;
Phillips et al. 1997; Guzma´n et al. 1997; O¨stlin et al.
2001; Malle´n-Ornelas et al. 1999). As evidenced by such
properties, they are among the most extreme galaxies
known in the universe. Although these galaxies have
been the subject of numerous comprehensive studies
in the past decade, their evolution and nature, to
a large extent, remains in dispute (Koo et al. 1995;
Phillips et al. 1997; Hammer et al. 2001; O¨stlin et al.
2001; Barton & van Zee 2001; Pisano et al. 2001;
Guzma´n et al. 2003). At the heart of the issue lies the
difficulty of identifying nearby analogues that would
allow a more complete exploration of the mechanisms
responsible for their extreme properties at high redshifts,
as well as their evolutionary paths.
Characterized by high surface brightnesses, small half-
light radii, and vigorous star-formation, LCBGs were
initially identified as stellar objects from 4-m plate sur-
veys for QSO candidates (Koo & Kron 1992; Koo et al.
1994; Guzma´n et al. 1996, 1998). The formal definition
of LCBGs is developed by Jangren et al. (2004) from
examining regions of six-dimensional parameter space
(color, luminosity, asymmetry, concentration, size, and
surface brightness) occupied by three classes of com-
pact galaxies chosen to represent the population of lu-
minous, blue, compact galaxies as a whole. The three
classes are: (1) Compact Narrow Emission-Line Galax-
ies (CNELGs, Koo et al. 1994, 1995; Guzma´n 1996,
1998), (2) a subset of galaxies very similar to CNELGs
studied by Koo et al. (1995); Phillips et al. (1997) and
Guzma´n et al. (1997) called faint blue galaxies, and (3)
higher redshift Blue Nucleated Galaxies (BNGs, Schade
et al. 1995, 1996). While the classification of an LCBG
relies on the galaxy’s falling within three of five defined
regions in the aforementioned parameter space, recently
groups have adopted three cut-offs that roughly corre-
spond to the criteria laid out by Jangren et al. (2004):
B − V < 0.5 − 0.6, SBe < 21 − 21.5 mag arcsec−2,
and MB < −18.5, with H0 = 70 km s−1 Mpc−1
(Garland et al. 2004; Pisano et al. 2001). These selec-
tion criteria will be further examined in subsequent sec-
tions.
With a volume density that drops off substantially
from z = 1 to the present (previously estimated to
be a change of roughly a factor of ten), LCBGs ap-
pear to be the most strongly evolving galaxy population
(Lilly et al. 1996; Phillips et al. 1997; Guzma´n et al.
1997; Lilly et al. 1998; Malle´n-Ornelas et al. 1999).
Guzma´n et al. (1997) estimate that they contribute
nearly 40% of the fractional increase in the SFR den-
sity between z = 0 and z = 1. Furthermore, luminous,
compact star-forming galaxies appear to dominate high-
redshift galaxy samples. Lowenthal et al. (1997) have
suggested that the Lyman Break Galaxies at z = 3,
due to their very compact cores and high surface bright-
nesses, may be the high-redshift counterparts of the
intermediate-z LCBGs. Smail et al. (1998), in a sub-
millimeter galaxy survey, found a z ∼ 4 galaxy popu-
lation that may contribute a substantial fraction of the
SFR density in the early universe, nearly half of which
are very luminous and compact. Evidently, LCBGs play
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a prominent, if not paramount, role in the formation and
evolution of galaxies in the young universe.
A drove of unanswered questions hovers around the
subject of LCBGs, mainly owing to the lack of a repre-
sentative local sample. One of these questions involves
the mechanism(s) responsible for the observed intense
starbursts in LCBGs. In theory, these triggering mech-
anisms could be determined by examining the Hα ve-
locity fields and morphologies of local LCBG examples
(O¨stlin et al. 2001). This sort of study relies on the as-
sumption that one can select a sample of local LCBGs
to have the same properties as the more distant LCBGs.
O¨stlin et al. (2001) use a sample of six galaxies withMB
between -17.5 and -20 selected from local blue compact
galaxies (BCGs) that are bright in Hα to infer certain
kinematic properties of the higher-z LCBGs. They con-
clude that, in most cases, mergers or strong interactions
trigger the intense starbursts of LCBGs. However, one
should use caution in interpreting these results given the
size and properties of their sample. Indeed, a statisti-
cally complete sample of low-z LCBGs will provide more
clues as to the the origin of their activity.
Another crucial topic in the study of LCBGs has been
the question of what sort(s) of galaxy they become as
they evolve. The determination of reliable mass esti-
mates for the intermediate-z LCBGs is key to establish-
ing these evolutionary connections to present-day galax-
ies. However, accurate stellar mass estimates are dif-
ficult to determine and measurements of emission-line
widths used to indicate the virial mass may underrep-
resent the gravitational potential for the intermediate-
redshift LCBGs (Guzma´n 2001; Guzma´n et al. 2003;
Pisano et al. 2001). As a consequence of these difficul-
ties, there is not good agreement for the mass estimates
of LCBGs and there is a corresponding uncertainty as
to their proposed evolutionary path(s). Phillips et al.
(1997), Barton & van Zee (2001), and Hammer et al.
(2001) argue for an evolutionary scenario in which
LCBGs represent the formation of the bulges of objects
that will eventually evolve into massive spiral disks of
today. Koo et al. (1995), and Guzma´n et al. (1996, 1997,
1998) maintain that while LCBGs represent a heteroge-
neous class of galaxies, the majority will evolve into local
low-mass dwarf elliptical galaxies.
A possible solution to the mass debate may lie in the
HI line widths of local LCBGs. These line widths can
be used to infer the total dynamical mass. Accordingly,
Pisano et al. (2001) set out to measure the HI line widths
of a nearby sample of galaxies they believe are represen-
tative of the more distant LCBGs. They infer the masses
of the intermediate-z galaxies from these local examples,
and find that LCBGs have a variety of dynamical masses,
and thus a variety of evolutionary paths. Yet, they recog-
nize that their local sample may not have been truly rep-
resentative of the the high-z LCBG population. Of their
11 local galaxies, only three meet the criteria proposed
by Jangren et al. (2004). In a study of 20 local LCBG
candidates selected to more nearly meet the the crite-
ria of Jangren et al. (2004), Garland et al. (2004) found
results similar to those of Pisano et al. (2001). Specifi-
cally, they show that while most LCBGs are nearly ten
times less massive than local galaxies of the same lumi-
nosity, some are just as massive. The implication is that
LCBGs are a heterogeneous class of galaxy.
Clearly, defining reliable local samples of LCBGs
is central to the process of understanding their na-
ture and evolutionary paths. The Pisano et al. (2001)
and Garland et al. (2004) samples are recent attempts
to construct samples of nearby LCBGs. The latter
study is based on a sample of LCBGs discovered by
Castander et al. (2004) who analyzed data from the
Sloan Digital Sky Survey. Another recent study by
Drinkwater et al. (1999) utilized the complete spectro-
scopic study of a 12 deg2 area centered on the Fornax
Cluster to identify a sample of 13 LCBGs with redshifts
less than 0.21. In the current study, we take a slightly
different approach.
Using the KPNO International Spectroscopic Survey
(KISS, Salzer et al. 2000), we aim to identify and describe
a statistically complete local sample of star-forming
galaxies that best resemble those LCBGs observed in the
more distant universe. Our low-z sample will provide a
basis for future work aimed at resolving the debates over
the evolutionary histories and kinematics of LCBGs. Due
to the limited resolution of the survey images, the classi-
fication scheme developed by Jangren et al. (2004), that
uses morphological parameters, cannot be employed. In-
stead, we apply selection criteria consistent with the
parameters of Jangren et al. (2004) as a way to iso-
late the LCBGs from other KISS star-forming galaxies.
While sharp boundaries in parameter space do not al-
ways effectively isolate one type of galaxy from another,
LCBGs in the color-surface brightness plane occupy a
well-defined region of parameter-space (Jangren et al.
2004). Therefore, we employ criteria in B−V color, in
surface-brightness, and in luminosity to select a sample
of local LCBG candidates. Still, none of the selection
criteria we use can guarantee that the KISS LCBG can-
didates, like other putative local samples, will contain
bona fide LCBGs; they only insure a similarity. Regard-
less, we believe that the sample we define will provide an
adequate starting point for future investigation. In § 2,
we describe KISS, our measurements, and selection cri-
teria. An analysis of the properties of our local LCBGs
along with the volume density calculation appears in §
3. Section 4 contains a discussion of the implications our
sample has for high-z studies and potential future work
on these galaxies beyond KISS. In § 5, we summarize our
results. Throughout this paper we adopt H0 = 75 km
s−1 Mpc−1.
2. THE DATA
2.1. KPNO International Spectroscopic Survey
The KPNO International Spectroscopic Survey (KISS)
aims to find a quantifiably complete, well-defined sam-
ple of extragalactic emission-line sources (Salzer et al.
2000). Although this survey is not the first to look for
galaxies that display unusual activity, it reaches substan-
tially deeper than other wide-field objective-prism sur-
veys, mainly because it is the first survey of this type
to employ a large-format CCD as its detector. The sur-
vey data, composed of both objective-prism and direct
images, were taken with the 0.61 m Burrell Schmidt tele-
scope located on Kitt Peak. The objective-prism images
cover a spectral range of either 4800 - 5500 A˚ or 6400
- 7200 A˚ and the direct images are observed through
standard B and V filters. Our local sample of LCBGs is
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derived from the first three KISS survey strips: KISS red
list 1 (KR1), described in Salzer et al. (2001); KISS blue
list 1 (KB1), described in Salzer et al. (2001b); and KISS
red list 2 (KR2), described in Gronwall et al. (2004c).
KR1 and KR2 use the Hα line for selection whereas KB1
detects objects by their [OIII] emission line. The KR1
portion of KISS finds 1128 ELG candidates in a survey
area of 62.2 deg2 (or 18.1 KISS ELGs per square degree);
the KB1 portion of KISS finds 223 ELG candidates in
116.6 deg2 (or 1.91 KISS ELGs per square degree); and
the KR2 portion of KISS finds 1029 ELG candidates in
65.8 deg2 (or 15.6 KISS ELGs per square degree). KR1
and KB1 overlap with part of the Century Survey (Geller
et al. 1997; Wegner et al. 2001) while KR2 runs through
the center of the Boo¨tes void.
The KISS data are run through several steps of pro-
cessing using a series of Image Reduction and Analysis
Facility1(IRAF) scripts: object detection and inventory,
photometry and object classification, astrometry, spec-
tral image coordinate mapping and background subtrac-
tion, spectral extraction and overlap correction, emis-
sion line detection, and spectral parameter measurement.
Measurements of the extracted objective-prism spectra
yield estimates of the redshifts, line fluxes, and equiva-
lent widths of the ELGs. For a complete description of
the data processing, see Salzer et al. (2000). It should
be noted that many objects are unresolved in the direct
images (which have a resolution of ∼ 4′′); it is not nec-
essary for an object to be classified morphologically as a
galaxy for inclusion in the ELG list. The only criterion
for inclusion is the presence of an emission line in the
objective-prism spectrum. In other words, there is no
bias against compact, stellar appearing objects in KISS.
Although the survey data themselves provide consid-
erable information about the sources, obtaining follow-
up spectra is an important part of the KISS project.
These spectra provide higher quality redshifts, con-
firm ELG candidates’ status as actual ELGs, and
provide the means by which to identify the type of
activity powering the ELG. In most cases, emission
lines such as Hα, Hβ, [O III] λλ4959,5007, and [N
II] λλ6548,6583 are present in the follow-up spectra.
With the higher-accuracy line strengths of these spec-
tra, one can distinguish between star-forming galax-
ies, Seyfert 1 galaxies, Seyfert 2 galaxies, LINERs, and
QSOs. Furthermore, determination of the metallic-
ity (Melbourne & Salzer 2002; Melbourne et al. 2004;
Lee, Salzer & Melbourne 2004; Salzer et al. 2004) and
the star-formation rate is possible with accurate line-
strength measurements. Follow-up spectra have been
obtained for 83% of the KR1 ELGs, 100% of the
KB1 ELGs, and 30% of the newer KR2 ELGs at var-
ious telescopes including the Hobby-Eberly telescope
(Gronwall et al. 2004a), the Michigan-Dartmouth-MIT
2.4m telescope (Wegner et al. 2003), the Wisconsin-
Indiana-Yale-NOAO 3.5m, the 2.1m on Kitt Peak, the
Apache Point Observatory 3.5m, and the Shane 3.0m
telescope at Lick Observatory (Melbourne et al. 2004).
1 IRAF is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities for
Research in Astronomy, Inc., (AURA) under cooperative agree-
ment with the National Science Foundation.
2.2. Surface Brightness and Half-Light Radius
Measurements
LCBGs typically are identified by their small half-light
radii (rhl) and/or their high surface brightnesses (SBe).
Therefore, measuring these quantities in the KISS data
was an essential first step in our effort to isolate a sam-
ple of nearby LCBGs. We wrote an IRAF procedure
called KCOMPACT to find rhl for every object in the
KISS survey images. The procedure performs a curve
of growth analysis using circular apertures to determine
rhl. The formal uncertainty in rhl is estimated by com-
paring the separate measurements of ELGs present in
two survey fields (the overlap in adjacent KISS fields is
approximately 3-5 arcminutes). Based on 14 objects, we
determine the uncertainty in rhl to be 0.21 arcseconds.
Combining our estimates of rhl with the total apparent
magnitude measured during the KISS data processing
(see § 2.1) allows us to compute SBe using the following
formula:
SBe = mB + 0.753 + 2.5 logpir
2
hl (1)
As the formal errors in the KISS apparent magnitudes
are always below 0.1 magnitude, we can find the upper
limit on the uncertainty of SBe due to the errors in mB
and rhl. We find σSBe < 0.14 mag arcsec
−2.
The reliability of rhl and SBe is inextricably linked to
the resolution of the image on which they are measured.
Both the image scale and the effective seeing significantly
affect the accuracy of these quantities. Resolution lim-
its restrict the precision with which these quantities can
be determined in the more distant portion of KISS. Since
all objects in each survey image are analyzed by KCOM-
PACT, we use the locus of the rhl values for objects pre-
viously identified as stars to define a rough resolution
limit for each image. Marked interactively, the resolu-
tion limit represents not the mean FWHM of the stellar
distribution but rather is selected to encompass the entire
locus of stellar objects. As we will discuss in the follow-
ing paragraph, variable image quality across our survey
images causes this limit to underestimate the true image
quality for a modest fraction of our ELG candidates. For
KB1 and KR1, the mean resolution limit (i.e., the lower
limit on rhl) of the images is 2.50” compared to an im-
age scale of 2.03”/pixel; for KR2, this mean resolution
limit of the images is 2.13” compared to an image scale
of 1.43”/pixel. Therefore, objects with rhl under 2.5
′′
are almost always unresolved (or, at best, marginally re-
solved) in the KISS survey direct images. Moreover, as
the distance to an object increases, so does the physical
diameter that corresponds to this resolution limit. That
is to say, at greater distances, galaxies with progressively
larger diameters dominate any resolved sample. Figure 1
shows this effect, plotting diameter in kpc vs. distance in
Mpc, where the diagonal lines represent the nearly con-
stant resolution limits (converted to kiloparsecs) below
which an object is unresolved. Everything but galax-
ies with large diameters will be unresolved at the red-
shift limit of the survey. Ultimately, this bias leads us
to adopt a distance-limited sample of KISS LCBGs (see
section 2.3).
The rough resolution limit discussed in the previous
paragraph suffices for a determination of an appropri-
ate distance-cut (see below), but fails to account for the
rather extreme image quality variability of the KISS di-
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Fig. 1.— The half-light diameter in kpc versus the distance in Mpc for a subset of KISS star-forming galaxies from each survey strip.
The dashed diagonal line represents the diameter (in kpc) necessary for a KR2 object to be resolved at a given distance (based on the rough
resolution limit discussed in section 2.2). The solid diagonal line represents the diameter (in kpc) necessary for KB1 and KR1 objects to
be resolved at a given distance. Below these diagonal lines, galaxies from their respective survey lists are unresolved.
rect images. The delivered image quality of the Burrell-
Schmidt 0.61-m at the time KISS was carried out could
vary between 2.5′′ and 6.5′′ over a single survey field.
Hence, rather than use a single value to describe the im-
age quality on a given survey image, it is necessary to es-
timate the local value for the image quality in the vicinity
of each KISS ELG. An IRAF script was written for this
purpose. By locating the ten closest stars to each ELG
and measuring the FWHM of their profiles, this script ac-
counts for the variable image quality of the KISS direct
images. The local FWHM (average seeing) for each KISS
ELG is the mean of the FWHM from the ten stellar pro-
files. As our study relies upon accurate measurements of
rhl and SBe, we were forced to exclude those objects for
which the local image quality was severely degraded. A
ratio between the mean local FWHM and the half-light
diameter acted as our main diagnostic: if the ratio were
above 1, we could not trust the measurement of rhl, and
therefore we exclude the galaxy. In addition, all objects
with the local stellar FWHM above 5” and a diagnostic
ratio above 0.7 were also excluded. In total 96 galax-
ies were cut out of the survey area, decreasing the area
over which we could search for LCBGs by only ∼ 4%.
With these exclusions, we feel confident in the complete-
ness of our sample. That is, in the remaining portions
of KISS we should not miss any apparently small, poten-
tial LCBG candidate simply because it is under-resolved.
Of course, the galaxies remaining in our sample of KISS
ELGs are not all well-resolved, but as we will describe, we
can account for the inaccuracies in their measurements.
In essence, our measurements of marginally resolved
galaxies act as upper limits on rhl and lower lim-
its on SBe. We explore the nature of our unre-
solved and marginally resolved LCBG candidates us-
ing higher-resolution images from the Wisconsin Indiana
Yale NOAO (WIYN) 0.9 m telescope on Kitt Peak. In
May 2003 and March 2004 we observed 11 KISS ELGs
from KR1 and 12 KISS ELGs from KR2 under non-
photometric conditions with the S2KB CCD, for which
the image scale is 0.6 arcsec/pixel. The pre-existing KISS
direct images for the galaxies, that were taken under
good conditions, provided the photometric calibration for
our 0.9-m images. Despite the different image scales of
KR1 and KR2, we treat them the same in the follow-
ing analysis due to the variable image quality described
above.
For the KISS compact, star-forming ELGs in each sur-
vey strip, we re-measured the half-light radii on the 0.9-m
images using the same curve-of-growth routine described
above, and compared them with the values of rhl ob-
tained in the same way for the KISS images. The KISS
rhl is plotted against the ratio of the 0.9-m rhl to the
KISS rhl in Figure 2a to show the results of these re-
measurements. The triangles represent the ELGs from
KR2, while the circles represent the ELGs from KR1.
The relationship is equivalent for both strips: those ob-
jects with larger rhl have a ratio close to unity, while
those objects with rhl near our resolution limits have ra-
tios that deviate more considerably from unity.
We sought to quantify the correlation seen in Figure 2a
in order to develop a correction of rhl for all unresolved
and marginally resolved ELGs in the KISS database. An-
alyzing our sets of measurements for the 0.9-m images
and the KISS images, we can predict the way in that
the difference between a galaxy’s 0.9-m rhl and its KISS
rhl (∆rhl) increases as its rhl decreases below the res-
olution limits of KISS. Instead of re-observing all unre-
solved and marginally resolved KISS ELGs to achieve
Werk, Jangren & Salzer 5
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Fig. 2.— a) A plot of the ratio of the rhl re-measured on the 0.9-m images (0.9-m rhl) to the rhl measured on the KISS direct images
(KISS rhl) versus the KISS rhl. The filled circles represent ELGs from KR1, and the filled triangles represent ELGs from KR2. At an rhl
of approximately 5 arcseconds, the ratio of the two quantities is very close to one. b) This plot shows the observed relation between ∆rhl
(0.9-m rhl − KISS rhl) and the KISS rhl. Plot symbols are the same as in a).The linear-least-squares fit shown by the dashed line was
used to apply a correction for the rhl of all KISS star-forming ELGs with rhl below 5 arcseconds.
more accurate measurements of their rhl, we can infer
the values we would obtain. Two of the eleven KR1 and
two of the twelve KR2 ELGs observed with the WIYN
telescope had rhl greater than 6.0 arcseconds, and were
thus very well-resolved in the KISS direct images. Fig-
ure 2a reassures us that our measurements of rhl on the
0.9-m images are very close to our measurements on the
KISS images for these four well-resolved galaxies. These
four galaxies were excluded from the determination of
our correction. Upon closer examination of the 0.9-m
images, one galaxy in KR1 was observed to have a merg-
ing partner, making suspect any measurement of its rhl.
An additional two galaxies from each survey strip were
excluded as well because they suffered from noticeably
poorer image quality in the KISS direct images, skewing
the relationships shown in the following plots. Figure
2b shows ∆rhl versus the KISS rhl for the 14 remain-
ing galaxies. In this figure, we notice the same effect as
in Figure 2a: apparently smaller galaxies have greater
∆rhl. We based the final correction for rhl upon the
linear-least squares fit of the 14 data points plotted in
Figure 2b. The fit is shown by the dashed line. The
equation for this line is: ∆rhl = 0.22(KISS rhl) − 1.19,
where ∆rhl is in arcseconds, and the scatter about the
fit is 0.11 arcseconds.
We also compared the apparent B-band magnitudes
(mB) measured on the 0.9-m and KISS images. Since
our photometric calibration of the 0.9-m images made
use of the original KISS calibration, our 0.9-m values
for mB agree well with the KISS values for mB . This re-
measurement ofmB combined with the correction for rhl,
described above, is relevant for probing the effects of low-
resolution upon the measurement of SBe (see equation
1). Figure 3 plots the observed relation between ∆SBe
(0.9-m SBe − KISS SBe) and ∆rhl. Since the KISS and
0.9-m apparent magnitudes show good agreement, the
difference in the measured values of SBe must be due
to solely the change in rhl between the KISS and 0.9-m
images. Therefore we can compute the correction for the
effective surface brightness, ∆SBe, such that it depends
on only ∆rhl.
∆SBe = −2.5 log r
2
hl
(rhl +∆rhl)2
(2)
Figure 3 plots the observed values of ∆SBe and ∆rhl
for the 14 KISS ELGs along with a curve illustrating the
analytical correction given by equation 2. The observed
values of ∆rhl and ∆SBe are shown by the filled trian-
gles (KR2) and the filled circles (KR1). In the equation,
∆rhl corresponds to the linear-least-squares fit shown in
Figure 2b for the rhl correction. Figure 3 shows that
the actual measurements of ∆rhl and ∆SBe follow the
correction defined by equation 2 very well.
We apply these corrections for rhl and SBe to all non-
excluded (see above) KISS star-forming galaxies with an
rhl less than 5 arcseconds. Among all KR1 star-forming
ELGs with rhl under 5 arcseconds (i.e., those affected by
the correction), the mean change in rhl is -0.50 arcsec-
onds, the mean change in diameter is -4.91 kpc, and the
mean change in SBe is -0.44 mag arcsec
−2. Among all
KR2 star-forming ELGs with rhl under 5 arcseconds, the
mean change in rhl is -0.56 arcseconds, the mean change
in diameter is -5.31 kpc, and the mean change in SBe is
-0.57 mag arcsec−2.
2.3. Sample Selection
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Fig. 3.— The observed relation between ∆SBe (0.9-m SBe − KISS SBe) and ∆rhl shown by the filled circles and triangles plotted
with the analytical correction curve given by the equation ∆SBe = −2.5 log
r
2
hl
(rhl+∆rhl)
2
. The circles represent KR1 galaxies, while the
triangles represent KR2 galaxies. ∆rhl is based upon the correction for rhl, given by the linear-least-squares fit shown in Figure 2.
The ability of our local LCBG candidates to provide
meaningful mass and SFR comparisons with the higher-z
LCBGs requires that these galaxies be genuine LCBGs.
Typical methods of identifying nearby LCBG analogues
usually employ cut-offs in surface brightness, luminos-
ity, and color, and cannot guarantee that the galaxies
are true examples of LCBGs. Indeed, we only can pick
out those galaxies that are likely to be LCBGs. Consid-
ering the nature of KISS, we believe that we are iden-
tifying those ELGs that possess the same properties as
the LCBGs at intermediate and high redshifts, and thus,
those galaxies that are most likely to be true LCBGs.
Hence, we call our galaxies LCBG candidates.
In an attempt to match our KISS LCBG sample with
the higher-redshift samples, we endeavor to employ the
same cut-offs as those used in earlier work. The sample is
based on criteria proposed by Guzma´n (2003), who uses
cut-offs in surface brightness, rest-frame color, and abso-
lute magnitude for the selection of LCBGs. All criteria
are limited by the angular resolution of the KISS sur-
vey direct images. Certainly, LCBGs are not AGN, and
are most often characterized by vigorous star-formation.
Therefore the sample was selected from a subsample of
KISS galaxies known from follow-up spectra to have star-
formation as their primary form of activity. All values
given for B−V color and all magnitudes used in the KISS
sample selection are corrected for Galactic absorption us-
ing the values of Schlegel, Finkbeiner, & Davis (1998).
Additionally, to select this sample, we used the corrected
values of SBe determined from the analysis outlined in
the previous section.
A total of 17 KISS star-forming galaxies meet the se-
lection criteria proposed by R. Guzma´n: SBe (B -Band)
< 21.0 mag arcsec−2, MB < −18.5, B − V < 0.6 with
H0 = 70 km s
−1 Mpc−1. We use this absolute mag-
nitude limit for the selection of KISS LCBGs despite
our use of H0 = 75 km s
−1 Mpc−1 by KISS. Since this
absolute magnitude cut corresponds to MB < −18.35
with H0 = 75 km s
−1 Mpc−1, we apply a slightly more
stringent cut for absolute magnitude by 0.15 magnitudes
when we useMB < −18.5 as one of our selection criteria.
This sample of LCBGs is partially determined by the
resolution selection effects described in Section 2.2 and
shown in Figure 1. These effects dictate that the ma-
jority of identified LCBG candidates will be located
at distances far closer than the KISS redshift limit of
z = 0.095. Considering that the median half-light di-
ameter of the 17 LCBGs is 4.21 kpc, Figure 1 indicates
that likelihood of finding an LCBG beyond ∼ 200 Mpc
is low. A further implication of this effect is that any
comparison of the KISS LCBG sample with other KISS
star-forming galaxies will be skewed. KISS star-forming
galaxies detected at greater distances will be, on average,
considerably larger in diameter and more luminous. To
account for these effects, and to improve the complete-
ness of our LCBG sample, we impose on it a distance
limit of 185 Mpc (z ∼ 0.045). 16 of the 17 KISS LCBGs
lie within this boundary, and according to the resolu-
tion thresholds marked on Figure 1, any galaxy within
185 Mpc of the Milky Way with a diameter equal to or
greater than ∼ 4 kpc will be resolved in the KISS images.
Figure 4 shows KISS ELGs that lie within 185 Mpc
of the Milky Way and have MB < −18.5. The 16
KISS ELGs that remain in the sample after the appli-
cation of the distance cut-off are marked as filled cir-
cles in the plot, and the dashed lines indicate two of
the selection criteria. The stars in the plot represent
a subset of “normal” galaxies from the Century Survey
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(CS) carried out by Wegner et al. (2001) that lie within
the distance limit and have MB < −18.5. The Cen-
tury Survey is a traditional magnitude-limited survey of
“normal” field galaxies that are used here to represent
the general galaxian population. The open circles rep-
resent a comparison sample of KISS star-forming ELGs
that have MB < −18.5 and lie within 185 Mpc of the
Milky Way. Henceforth, when we refer to our samples
of LCBG candidates and comparison samples, we refer
to the distance-limited samples. It should be noted that
all KISS ELGs selected as LCBG candidates have been
identified as having star-formation as their primary form
of activity from follow-up spectra.
On the plot of SBe versus color in Figure 4, two fea-
tures stand out. While the KISS LCBG candidates were
selected to have surface brightnesses higher than the typ-
ical star-forming galaxy (SFG), even the highest surface
brightness LCBG candidates do not appear to be clearly
separated from the distribution of KISS SFGs. Instead,
the star-forming galaxies form a more-nearly continuous
distribution in color and SBe, as one might expect. At
intermediate redshifts, Jangren et al. (2004) find that in
the parameter space of SBe and B−V color, LCBGs sep-
arate themselves more cleanly than in any other param-
eter space from ordinary irregular, elliptical, and spiral
galaxies. A plot from Jangren et al. (2004) is shown in
Figure 5, illustrating this separation. When we compare
LCBGs with the other KISS star-forming galaxies, we do
not see this effect. In the z < 0.045 local universe, the
bluest, highest surface brightness star-forming ELGs do
not appear to be separate from a distribution of other-
wise regular star-forming galaxies, but rather represent
the most extreme galaxies in this class of star-forming
ELGs. However, the KISS LCBG candidates are more
clearly separate from the CS galaxies. Interesting to note
is that while only three of the CS galaxies meet the se-
lection criteria for an LCBG, 29 CS galaxies redder than
the color cut meet both the surface brightness and abso-
lute magnitude cut. We believe these 29 galaxies to be
local, normal elliptical galaxies. Only 6 KISS ELGs fall
in this region of the diagram (i.e., compact but red).
The properties of the 16 ELGs selected as local LCBG
candidates are listed in Table 1. Columns 1 and 2 give
the survey identification numbers for each galaxy (KISSR
and KISSB numbers). The apparent B-band magnitude
is listed in column 3, the B-V color in column 4, the
half-light diameter in kiloparsecs in column 5, the B-
band effective surface brightness (SBe) in column 6, the
distance to the galaxy (in Mpc) in column 7, the ab-
solute B-band magnitude in column 8, the logarithm of
the Hα luminosity in column 9, and the logarithm of the
1.4 GHz radio power from Van Duyne et al. (2004) in
column 10. Those galaxies without a listed radio power
were not detected as radio emitters in the Van Duyne
et al. study.
Images of the 16 LCBG candidates made from the
KISS direct images appear in Figure 6. Although the
resolution of KISS is too low for measurements of param-
eters such as asymmetry and concentration, we can see
some of the morphological characteristics of our LCBG
candidates on these images. At least three of the LCBG
candidates, KISSR 147, 1274, and 1870, appear to have
disturbed morphologies, evidence for recent interactions
and/or mergers. However, the majority of the 16 LCBG
candidates appear to be small, compact, and quite sym-
metric, suggesting that interactions are not the main
driver of the observed star-formation activity in most
cases.
3. PROPERTIES OF THE LOCAL LCBG CANDIDATES
3.1. Global Characteristics
The KISS project obtains photometrically calibrated B
and V direct images along with the objective-prism spec-
tra, that provide accurate measurements of each galaxy’s
Hα flux. In addition, all of our LCBG candidates have
been observed as part of our follow-up spectroscopy pro-
gram (e.g., Wegner et al. 2003; Gronwall et al. 2004a).
Hence, there is a large amount of information readily
available for all KISS ELGs that allows us to examine
the properties of the KISS LCBG candidates in some
detail. In this subsection, we present the properties of
the LCBG candidates and a comparison sample of KISS
star-forming galaxies (SFGs) with MB < −18.5. When
the necessary data are available, we also present the
CS comparison sample of “normal” galaxies that have
MB < −18.5. All three of these samples are taken from
the same volume of space (same area of the sky, and D <
185 Mpc). One implication of this distance limit is that
the galaxies in our KISS comparison sample have lower
luminosities and bluer colors than the overall sample of
star-forming KISS galaxies. In general, the most distant
galaxies in any sample tend to be the most luminous,
and galaxies that are more luminous tend to be redder.
The B-band absolute magnitudes of the KISS LCBGs,
KISS star-forming galaxies, and CS magnitude-limited
sample are plotted against SBe in Figure 7. Together
with Figure 4, these two plots exhibit the selection crite-
ria of the LCBG candidates, and also illustrate nicely the
properties of the three galaxy samples. As pointed out in
the previous section, the KISS SFG comparison sample
exhibits a fairly continuous distribution in all three pa-
rameters – SBe, MB, and B−V color – with the LCBG
candidates representing the extreme cases in terms of
color and surface brightness (Figure 4). The CS and
KISS SFG samples overlap substantially in both Fig-
ures 4 and 7, although the latter are on average much
bluer. The LCBG candidates are seen to be distributed
fairly evenly in absolute magnitude between −18.6 to
−20.6. They define the upper envelope of the KISS ELGs
in Figure 7.
Figure 8 shows histograms of the half-light diameters
of the LCBG candidates, the KISS comparison sample
SFGs, and the CS comparison sample “normal” galax-
ies. The median diameters for the three samples, 4.11
kpc, 6.63 kpc, and 6.43 kpc, respectively, are indicated
in the figure. As expected, the KISS LCBGs are, on av-
erage, 60% smaller than the CS galaxies and SFGs. The
largest LCBGs have sizes comparable to the medians for
the other two distributions. Since the samples have com-
parable luminosities, the difference in diameter accounts
for most of the difference in SBe.
Figure 9 shows the Hα luminosity plotted against MB
for the two KISS samples. The sample of 16 KISS LCBG
candidates exhibits a higher median Hα luminosity by a
factor of 1.6 than the comparison sample SFGs. Because
we consider only actively star-forming galaxies in both
samples, we can draw an important conclusion from this
result. In general, the Hα luminosity indicates the activ-
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Fig. 4.— Effective B-band surface brightness plotted against B−V color for the KISS star-forming galaxies (SFGs) and Century Survey
galaxies within 185 Mpc of the Milky Way. Marked by dashed lines are the selection cut-offs for the KISS LCBG sample. A star indicates
a galaxy from the CS, and an open circle indicates the KISS SFGs. We see that 16 ELGs comprise the distance-limited LCBG sample,
shown by the filled circles.
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Fig. 5.— Rest-frame effective B-band surface brightness, SBe, versus rest-frame color B−V. In this plot from Jangren et al. (2004), the
CNELGs and small, blue galaxies (SBGs), also called faint, blue galaxies, come from Koo et al. (1994,1995), while the “normal” Hubble-
type galaxies come from a catalog assembled by Frei et al. (1996). Here, the LCBGs (CNELGS and SBGs) are clearly separated from the
“normal” galaxies. We saw a similar effect in figure 4 for the LCBGs versus the CS galaxies. In contrast, we saw in the same figure that
the LCBGs seem to be on the high surface brightness end of a continuous distribution of regular star-forming galaxies.
ity level of a galaxy, telling us how many ionizing stars
a galaxy contains. The KISS LCBG candidates have, on
average, 60% higher current star-formation rates than
the less compact SFGs. There is a clear tendency for
the LCBG candidates to be located near the top of the
diagram, again illustrating that they are above average
relative to the comparison sample. Note that not all of
the LCBG candidates are in the high star-formation rate
category. One of the KISS ELGs with the lowest Hα lu-
minosity, KISSR 147, happens to be included among the
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Fig. 6.— Images of all 16 LCBG candidates. These images are derived from the survey images, and represent a composite of the B and
V filter direct images. The LCBG candidates are located in the center of each image, and are indicated by the tick marks. For the KR1
and KB1 galaxies (KISSR < 1128, plus KISSB 169) the images cover a FOV of 4.5 × 4.0 arcmin, while those from KR2 (KISSR > 1128)
have FOVs of 3.2 × 2.9 arcmin. North is up and East is left in all images.
LCBGs. We note in passing that the measurement of the
Hα flux in this object may well be underestimated, since
it is so extended on the sky and since the star-formation
appears to be spread over a large fraction of the galaxy.
The KISS objective-prism flux measurement is made over
an 8 arcsec wide region centered on the galaxy. Hence,
our current estimate for the Hα luminosity of KISSR 147
may be significantly lower than the actual value. We do
not believe that this problem occurs for any of the other
KISS LCBGs.
It is also relevant to consider the spectral properties
of the LCBG candidates. Do their spectra reveal any
systematic differences relative to the less compact SFGs
of the KISS sample? We try to explore this question
in two ways. First, in Figure 10, we plot an emission-
line ratio diagnostic diagram showing the locations of
all of the KISS SFGs (regardless of distance). We plot
the logarithms of the [O III]/Hβ ratio vs. the [N II]/Hα
ratio. The smaller open circles are the “regular” star-
forming galaxies, while the larger filled symbols indicate
the location of the 15 LCBG candidates with measured
line ratios. The diagram reveals the characteristic H II
sequence, where the SFGs fall along an arc in the diagram
stretching from the upper left (typically lower luminosity,
lower metallicity galaxies) to the lower right (typically
more luminous, higher metallicity objects). The LCBGs
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Fig. 7.— The projection of effective B-band surface brightness against absolute B-band magnitude for the KISS star-forming galaxies
(SFGs) and Century Survey galaxies within 185 Mpc of the Milky Way. A star indicates a galaxy from the CS, and an open circle indicates
the KISS SFGs. The distance-limited LCBG sample is shown by the filled circles.
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Fig. 8.— Distribution of the derived diameters in kiloparsecs for the 16 KISS LCBG candidates, the comparison sample of KISS SFGs,
and the comparison sample of CS galaxies. The median diameter of the LCBG sample is 4.11 kpc, the median diameter of the KISS
comparison sample is 6.63 kpc, and the median diameter of the CS comparison sample is 6.43 kpc.
are distributed fairly uniformly along the lower 2/3rds of
the arc. Our selection against lower luminosity galaxies
prevents them from falling in the upper left portion of the
H II sequence. We detect no obvious trends amongst the
LCBGs that would lead us to believe that their spectral
properties are systematically different from the rest of
the KISS SFGs.
We also consider the metal abundances (log(O/H) +
12) of these 15 LCBG candidates compared to the sam-
ple of all KISS SFGs within 185 Mpc of the Milky Way.
Using the linear luminosity-metallicity (L-Z) relation of
Melbourne & Salzer (2002), we plot metal abundance
versus absolute magnitude for the KISS SFGs. Figure 11
shows a weak tendency for the LCBGs, shown as filled
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Fig. 9.— Hα luminosities are plotted versus absolute B-band magnitudes for the 16 KISS LCBG candidates (filled circles) and the
comparison sample of KISS SFGs (open circles). The median Log LHα of this LCBG sample is 41.21 ergs/sec, which is approximately 1.6
times more luminous than the median Log LHα of the comparison sample, 41.01 ergs/sec.
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Fig. 10.— A plot of the logarithm of the [O III]/Hβ ratio vs. the logarithm of the [N II]/Hα ratio for all KISS SFGs. The large
filled circles are the LCBG candidates. The characteristic H II sequence is shown by the KISS SFGs where the low luminosity, metal poor
galaxies fall in the upper left of the diagram, and the high luminosity, metal rich galaxies fall in the lower right region. The KISS LCBGs
do not appear to deviate from this sequence.
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circles on the plot, to lie at or below the mean L-Z re-
lation. The mean abundance of the 15 LCBGs is 8.65,
compared to the mean abundance of the comparison sam-
ple (KISS SFGs with D < 185 Mpc and MB < −18.5)
of 8.75. The statistical significance of this 0.1 dex dif-
ference is minimal, since the formal error in the differ-
ence of the two means is 0.08. Still, this small difference
may suggest that either the LCBGs are under-producing
heavy elements compared to the comparison SFGs, are
systematically losing a larger fraction of their metals via
outflows, or the enhanced star-formation of the LCBGs
is producing a modest luminosity enhancement relative
to the rest of the SFGs. While it is not possible to defini-
tively select between these options, the high current star-
formation rates exhibited by the LCBGs would appear to
be inconsistent with the first of these choices, while the
higher central mass densities implied by the high SBe of
the LCBGs is inconsistent with the second (see discus-
sion in Salzer et al. (2004)). Hence, we conclude that
the LCBG candidates appear to be offset slightly to the
left of the KISS SFGs, indicating that their luminosities
may not be representative of their masses. While this
latter point is likely true in general, for all star-forming
galaxies (e.g., Lee et al. 2004), it appears to be even more
the case for the LCBG sample.
3.2. Radio Continuum Emission
To some extent, all galaxies exhibit radio emission,
but it is those that are the most radio-luminous that
are known historically as “radio-galaxies.” Because star-
forming galaxies are often radio sources, we investigate
the radio properties of the LCBG candidates as com-
pared to a sample of all KISS SFGs, expecting to detect
radio emission for some subset of our samples. All ra-
dio fluxes cited in this work come from Van Duyne et al.
(2004), who used the FIRST (Becker, White & Helfand
1995) and NVSS (Condon et al. 1998) 20-cm radio con-
tinuum surveys to study the radio emission associated
with the 2158 KISS ELGs from KR1 and KR2. Because
that study did not include the KB1 portion of KISS, we
exclude the KB1 ELGs from this part of our analysis.
13.7% of all KISS ELGs known to be star-forming
galaxies in the KR1 and KR2 survey strips are detected
by FIRST and NVSS in the radio. This is an upper
limit to the fraction of radio-detections, however, since
only 57.6% of the KR1 and KR2 galaxies currently have
follow-up spectra (note that all of the radio-detected
KISS galaxies possess follow-up spectra). If we assume
that ∼90% of the galaxies lacking follow-up spectra are
also SFGs, then the fraction of SFGs with radio contin-
uum detections drops to only 7.4%. This latter value
is likely to be closer to the actual percentage of radio-
detected SFGs. We compare this number to the frac-
tion of radio galaxies within our LCBG candidate sample
(from only KR1 and KR2) and to the fraction of radio
galaxies within our distance-limited comparison sample
of KR1 and KR2 SFGs with MB < −18.5. Fully 53%
of the 15 LCBG candidates have detectable radio con-
tinuum emission, while 28% of the comparison sample
galaxies have detected radio fluxes.
The LCBGs clearly have a stronger propensity to pos-
sess detectable radio emission. We hypothesize that the
intense star-forming activity indicated by the high SBe
of the LCBG candidates is the primary contributor to
this effect. In star-forming galaxies, the energy given to
the relativistic electrons which cause synchrotron radia-
tion comes from the supernova explosions occurring over
the past ∼3×107 years (Cram 1998). Presumably, the
KISS LCBGs produce more supernova in this time period
then regular star-forming galaxies due to their above-
average star formation rates (previous section). Addi-
tionally, due to their compact nature, LCBGs may have
stronger magnetic fields than regular star-forming galax-
ies. These properties, in concert, enhance the detectabil-
ity of synchrotron radiation in LCBGs relative to other
star-forming galaxies.
Despite the high proportion of radio detections among
the LCBGs, their radio powers do not stand out. For
the eight detected LCBGs, the mean radio power is
1021.81 W Hz−1. This is statistically indistinguishable
from the mean of the distance-limited comparison sam-
ple (1021.84 WHz−1), and significantly less that the aver-
age of all KISS star-forming galaxies detected by FIRST
and NVSS (1022.11 WHz−1). The majority of the overall
radio-detected SFGs lie at distances beyond 185 Mpc, so
it is no surprise that their radio luminosities are higher.
However, it is perhaps a bit surprising that the LCBGs
do not have higher radio powers than the comparison
SFGs. Of course, the number of LCBGs in this analysis
is small, so it may be premature to draw strong infer-
ences regarding the radio powers at this time. What is
clear, however, is that the LCBGs are more commonly
detected as radio emitters than are the overall population
of star-forming galaxies in the same volume.
3.3. Volume Density of Local LCBGs
The space density of the intermediate and high red-
shift LCBGs compared with that of low redshift LCBGs
acts as an essential constraint on their density evolu-
tion. Nearly all previous studies of LCBGs stress the
apparent extreme density evolution of LCBGs. For our
sample of LCBG candidates with z < 0.045 we compute
the volume density using the 1/Vmax method. A com-
plete description of the method along with the specific
completeness parameters used in the calculations can be
found in Gronwall et al. (2004b). In brief, we first de-
termine whether the detectable volume of an individual
galaxy is limited by the effective volume set by the KISS
redshift limit or by its own emission-line flux. Then, we
sum the inverse of the maximum volume within which
each galaxy is detectable for all galaxies in this sam-
ple. Accordingly, we determine the space density of local
LCBGs to be 5.4 × 10−4h375Mpc−3. In order to arrive
at an estimate of the uncertainty in the volume density,
we will assume that the main source of error is the Pois-
sonian uncertainty in the number of LCBGs (i.e., σ =√
N). This is reasonable, since the uncertainties in the
line flux completeness limits and the relevant volumes
are fairly small. Hence, since there are 16 LCBGs in the
distance-limited sample, the computed volume density
carries with it a 25% uncertainty.
A handful of previous studies have derived estimates
for the space densities of LCBGs at intermediate and
high redshifts. For example, Phillips et al. (1997) find
the volume density of LCBGs at redshifts between 0.4
and 0.7 with MB < -18.5 to be 2.2×10−3h375Mpc−3, and
that of LCBGs at reshifts between 0.7 and 1.0 with MB <
-18.5 to be 8.8×10−3h375Mpc−3. Lowenthal et al. (1997)
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Fig. 11.—MB versus the metal abundance (Log (O/H) + 12) for KISS SFGs within 185 Mpc of the Milky Way. The 15 LCBG candidates
with derived abundances are the filled circles on this plot, and the KISS SFGs are the smaller circles. The line represents the linear L-Z fit
for KISS galaxies derived in Melbourne & Salzer (2002).
estimate a total space density of the high redshift (2.2 <
z < 3.5) population of LCBGs to be 3.7×10−3h375Mpc−3.
This latter density estimate must be taken as a lower
limit, since the Lowenthal et al. sample is at such high
redshifts that only the most luminous sources are de-
tectable. A correction to account for the incompleteness
at the lower luminosities would likely raise the density
estimate substantially. A large (and probably rather un-
certain) incompleteness correction to account for missing
lower luminosity LCBGs was applied by Phillips et al. to
their higher redshift subsample. Because of the large un-
certainties associated with the LCBG density estimates
in these higher redshift samples, one should use caution
in interpreting the numbers. We estimate that the un-
certainties in these densities, including any errors asso-
ciated with the incompleteness corrections, must be at
least 33% for the lower redshift value of Phillips et al.,
and closer to 50% for the two higher redshift estimates.
The uncertainty that arises from different absolute
magnitude cut-offs at different redshifts can be allevi-
ated somewhat by applying a brighter cut-off to our
sample. By making our local sample’s luminosity limit
consistent with the absolute magnitude limit of the
higher-z samples, rather than extrapolating the high-
z absolute magnitudes to lower luminosities (as was
done by Phillips et al. (1997) as described above), one
avoids introducing some large and very uncertain cor-
rections. For example, Phillips et al. (1997) had an ab-
solute magnitude limit of -20 (using Ho = 50 km s
−1
Mpc−1) for their sample at 0.7 < z < 1.0, which cor-
responds to an absolute magnitude limit of −19.12 for
Ho = 75 km s
−1 Mpc−1. We derive a volume density of
3.9×10−4h375Mpc−3 for our sample of local LCBGs with
when we adopt MB = −19.12 as our luminosity limit.
For comparison, Phillips et al. (1997) find the volume
density of LCBGs at reshifts between 0.7 and 1.0 with
MB < -19.12 to be 4.05× 10−3h375Mpc−3. We note that
this method is impractical to use for the Lowenthal et al.
sample, and unnecessary when comparing to the lower-
redshift Phillips et al. sample.
With the above caveats in mind, we compare the vol-
ume densities of LCBGs from our local (z = 0) sam-
ple to those of the higher redshift studies. The value
Phillips et al. (1997) obtain for their lower redshift sam-
ple implies that the volume density of LCBGs has de-
clined by a factor of ∼4 between z ∼ 0.5 and the
present, while their higher redshift value suggests that
the density of LCBGs has dropped by a factor of ∼16
between z ∼ 0.85 and today. This latter factor be-
comes ∼10 for the comparison using the volume den-
sity of the KISS LCBGs with MB < -19.12. The den-
sity drop implied by Lowenthal et al. (1997) for the
high reshift LCBGs (2.2 < z < 3.5) is at least a fac-
tor of ∼7, and likely to be much higher. The work
of Lilly et al. (1996); Phillips et al. (1997); Lilly et al.
(1998) and Malle´n-Ornelas et al. (1999) all suggest that
the volume density of LCBGs drops off by a factor of
∼10 from z = 1 to the present. This prediction is in gen-
eral agreement with the results presented here, given the
large errors associated with the density estimates. That
is, the space density derived for our sample of LCBGs
compared with that of the higher redshift samples sup-
ports the claim that these galaxies are indeed a strongly
evolving population. However, the uncertainties associ-
ated with the volume density of LCBGs at higher red-
shifts precludes an accurate assessment of exactly how
extreme their evolution is. Hopefully, future studies of
high redshift LCBG populations will constrain their vol-
ume densities more definitively, and lead to a better un-
derstanding of their evolution with look-back time.
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4. DISCUSSION
This paper deals with the problem of LCBGs by ap-
proaching only one of its facets. Namely, we have sought
to identify local examples of LCBGs in an effort to con-
strain the properties of those LCBGs present in such pro-
fusion at intermediate- and high-z. However, we must be
cautious in accepting that our sample is composed of gen-
uine LCBGs − indeed, we call the galaxies in our sample
LCBG candidates. The classification scheme for LCBGs
presented by Jangren et al. defines a six-dimensional pa-
rameter space in which LCBGs are effectively isolated
from other types of galaxies. However, we could not ap-
ply this method for our LCBG selection, as KISS direct
images did not have the resolution required to perform
the prescribed tests. And, while Jangren et al. conclude
that the parameter space of B−V color vs. SBe is the
best at separating the LCBGs from other types of galax-
ies, they acknowledge that there is still no single cut that
will eliminate all non-LCBGs nor include all bona fide
LCBGs.
Specifically, employing a color limit to select lo-
cal LCBGs based on the corrected rest-frame colors
of higher-redshift LCBGs is a bit problematic. The
many corrections that must be applied to color, (i.e.,
K-corrections, Galactic reddening, internal extinction,
emission-line contamination) make it a difficult parame-
ter to use for defining a sample of galaxies. Additionally,
the rest-frame colors of star-forming galaxies at high red-
shift will be inherently biased to be bluer than those of
lower redshift star-forming galaxies. This is because host
galaxies at higher redshift have not had as much time to
assemble as those in the nearby universe. Hence, they
will be intrinsically less luminous, and a star-formation
event at high-z will tend to dominate the galaxian color
more than at lower redshifts. Accounting for this effect,
however, would be a difficult task, mainly because of the
uncertainty in our understanding of galaxy evolution.
The necessity of a color parameter, however, is man-
ifest in Figure 4. Luminous elliptical galaxies from the
Century Survey meet both the luminosity and surface
brightness criteria for LCBGs. However, LCBGs are not
similar to local elliptical galaxies. A color cut acts as the
means for excluding early-type galaxies in traditional,
magnitude-limited surveys. By contrast, in emission-line
galaxy surveys such as KISS that contain few, if any,
elliptical galaxies, the color criterion becomes less perti-
nent. Limiting the samples of LCBGs to actively star-
forming galaxies should ensure their relative blueness.
While not extremely blue compared to other star-forming
galaxies, the KISS LCBG candidates are considerably
bluer than “normal” galaxies. The Century Survey “nor-
mal” field galaxies within the distance limit of 185 Mpc
have a median B−V color of 0.77, considerably higher
than the median color of the LCBG sample, 0.44. Were
we to have selected a sample of LCBGs using only the lu-
minosity and surface-brightness criteria, and limiting our
sample to only actively star-forming galaxies, our sample
would have contained 22 KISS LCBG candidates with a
median B−V color of 0.53, still considerably bluer than
the CS galaxies.
We select our local samples of LCBGs from only ac-
tively star-forming galaxies not only as a way to ensure
their relative blueness, but also to further constrain their
properties to match those of the higher-redshift samples.
Indeed, all known LCBGs at high-z are vigorously form-
ing stars, as evidenced by their strong emission lines.
This property gives rise to important questions regard-
ing the nature of LCBGs. Is active star-formation always
present in galaxies meeting the LCBG selection criteria?
Can an LCBG be an LCBG without its starburst? What
do LCBGs look like when and if the star-formation fades?
Do the LCBG criteria allow for non-active galaxies?
In an attempt to address these questions, we looked
at the galaxies located in the KISS database that are
not ELGS, but rather galaxies detected by the Century
Survey that have measured redshifts, colors, and abso-
lute magnitudes. Since the first two survey lists of KISS
(KR1 and KB1) overlap parts of the CS, we possess di-
rect images taken through B and V filters of essentially
all of the CS galaxies. By combining our imaging pho-
tometry with the CS redshifts (Wegner et al. 2001), we
are able to carry out the same analysis on the CS galax-
ies as we previously did for the KISS ELGs. Apply-
ing the same cut-offs in SBe, MB, and B−V color to
these galaxies yields a sample of seven CS LCBG can-
didates. Of these, only three were not also detected by
KISS. All three lie outside the area of sky covered by
KR1. One of these galaxies has been identified using
the NASA Extragalactic Database2 as a nearby Seyfert
2 with very weak emission lines. KISS could not have
detected this galaxy due to its strong continuum and
the weakness of its Hα line. The others were initially
detected by the Case Low-Dispersion Northern Sky Sur-
vey (Sanduleak & Pesch 1984), with published follow-
up spectroscopy in Salzer et al. (1995). One galaxy, CG
60, is a star-forming galaxy with strong Hα and weak
O III. The other, CG 90, appears to be a weak-lined star-
forming galaxy, possibly a post-starburst system. This
latter galaxy appears to be the closest thing to a “nor-
mal” (i.e., not actively star-forming) galaxy in the ∼100
square degrees of the Century Survey that meets the
LCBG selection criteria. However, even CG 90 has some
current star-formation. The study by Drinkwater et al.
(1999) which used the Fornax Spectroscopic Survey to
find a sample of bright, compact galaxies that are un-
resolved on photographic plates obtains a similar result.
Of their 13 local (z < 0.21) galaxies that resemble the
higher-z LCBGs, they find only four that do not have
strong emission lines. One of the galaxies has a post-
starburst spectrum and another has a spectrum indicat-
ing an old population.
This paucity of non-active LCBGs suggests that they
are, in general, extremely rare, and that perhaps the star-
formation that seems always to be present in LCBGs is
a key factor to getting labeled as an LCBG in the first
place. Clearly the star-formation activity helps to make
the LCBG. The starburst will both increase the central
luminosity of the galaxy, and lower the half-light radius
rhl. These two effects combine to increase SBe and lower
the color. Is a central starburst required for a galaxy to
become an LCBG? Perhaps not, but it certainly appears
to be strongly favored.
2 This research has made use of the NASA/IPAC Extragalactic
Database (NED) which is operated by the Jet Propulsion Labo-
ratory, California Institute of Technology, under contract with the
National Aeronautics and Space Administration.
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While it is possibly premature to attempt to resolve the
questions regarding the evolution of LCBGs discussed in
§1, we can at least use the properties of the local can-
didates to speculate a bit. The distribution of the KISS
ELGs in Figure 4 suggests that they exhibit a continuum
of physical characteristics in the surface brightness, color,
and luminosity parameter space. Galaxies classified as
LCBGs using the Jangren et al. selection criteria repre-
sent those galaxies that currently lie at the extreme end
of that continuum. Clearly, however, there are plenty
of KISS ELGs that are located just below the surface
brightness threshold that distinguishes our LCBG can-
didates from the remainder of the star-forming galaxy
population. Since the KISS LCBGs do, on average, ex-
hibit higher Hα luminosities, it is likely that at least some
of them will evolve out of the LCBG region in Figure 4 as
their starbursts fade. Will they fade substantially, as pro-
posed by Koo et al. (1995) and Guzma´n et al. (1998),
dropping in luminosity by 4 magnitudes or more, becom-
ing substantially redder and more gas poor and eventu-
ally resembling dwarf elliptical galaxies?
We feel that it is unlikely that any of our LCBG can-
didates will evolve into early-type galaxies. The evo-
lutionary scenario proposed by Koo et al. (1995) and
Guzma´n et al. (1998) requires that the gas present in the
LCBG be removed, presumably by strong supernovae-
driven outflows. Hydrodynamic models (e.g., Mac Low
& Ferrara 1999) suggest that this complete blow-away
of a galaxy’s ISM does not occur for any but the least
massive systems. Therefore, we do not expect any of
our current sample of LCBGs to become gas-poor and
fade into red ellipticals. Of course, it remains possi-
ble that the higher redshift LCBGs represent a more
heterogeneous sample of objects (Guzma´n et al. 1997;
Phillips et al. 1997; Hammer et al. 2001; Pisano et al.
2001; Garland et al. 2004). If some of the high-z LCBGs
did lose their gas and evolve into dwarf elliptical galax-
ies by the present time, our selection method would not
be sensitive to them. However, based on the models of
Mac Low & Ferrara, we would expect that the majority
of LCGBs should retain their gas to the current epoch.
This appears to be the case with our sample.
The continuum of physical characteristics evident in
Figure 4 suggests that luminous galaxies possess a range
in their central surface brightnesses / central mass densi-
ties. This has previously been observed in dwarf galaxies
(e.g., Papaderos et al. 1996, Salzer & Norton 1999), where
the most actively star-forming dwarf galaxies (a.k.a. blue
compact dwarfs, or BCDs) are seen to lie at the extreme
end of a continuum that stretches to very low central
surface brightnesses at the other extreme. Furthermore,
the gas distributions in the BCDs are seen to be much
more centrally concentrated than those in more quiescent
dwarf irregulars (e.g., van Zee, Skillman & Salzer 1998).
The combination of high central mass densities and high
central gas densities make BCDs particularly efficient at
forming stars. We assume that this is no accident: BCDs
are by their nature well equipped to be making stars. By
analogy, one might argue that LCBGs are predisposed to
make stars efficiently because they too represent the ex-
treme high surface brightness, high central mass density
end of a continuous distribution, albeit for more lumi-
nous galaxies. In this picture, LCBGs are preferentially
in a star-forming phase for a large fraction of the time.
When not undergoing a strong starburst, they will fade
somewhat (mostly in SBe, but also slightly in color and
luminosity) and join the population of galaxies lying be-
low the LCBG selection region in Figure 4. This would
help to explain the lack of any non-star-forming LCBGs
present among the CS galaxies. Even when not strongly
bursting, post LCBGs may exhibit a modest level of star
formation, such as that seen in CG 90. The question
of where the large population of LCBGs seen at z =
0.5 to 1.0 has gone is then resolved, at least in part, by
the population of less actively star-forming galaxies seen
in Figure 4. The large number of KISS ELGs located
below the LCBG selection region in this plot appear to
be able to account for a large fraction of the “missing”
LCBGs. The drop in density of LCBGs may be directly
linked to the fall in the star-formation rate density be-
tween z = 1 to the present (e.g., Madau et al. 1996, 1998).
The galaxies still exist, they are simply in a somewhat
less active state. In this scenario, LCBGs are not patho-
logical outliers, but rather the most compact galaxies at
the extreme end of a continuous distribution of gas-rich
star-forming galaxies.
It should be relatively simple to test the above hypoth-
esis. A combination of high spatial resolution surface
photometry in the optical and VLA HI mapping in the
radio could be used to evaluate the stellar- and gas-mass
distributions of the local LCBG candidates. A direct
comparison of these properties between the LCBGs and
a sample of “normal” galaxies would reveal whether our
LCBGs are structurally different from the non-LCBGs.
These same observations would be extremely helpful in
establishing their dynamical masses as well. This latter
parameter is essential for showing clearer linkage between
the local samples of LCBGs with the intermediate- and
high-redshift analogues. Efforts are already underway
in this regard. As a first step in determining gas and
dynamical masses, we have obtained single-dish HI ob-
servations with the Arecibo 305-m radio telescope for the
sample of LCBGs accessible from Arecibo, along with a
control sample of “normal” star-forming galaxies. With
these data, we will derive HI masses and provide at least
a rough estimate for the dynamical masses (Werk et al.
2005) for our LCBGs. We will also be able to ascer-
tain which of our galaxies would be suitable for follow-
up VLA mapping. In addition, we have begun acquiring
higher resolution optical images of our LCBGs, with the
goal of being able to perform detailed surface photome-
try. In addition, these more detailed images will allow
us to carry out a morphological analysis of our sample of
local LCBGs, that will provide clues as to whether their
intense starbursts are caused by mergers and/or interac-
tions, or are simply the result of their intrinsically com-
pact nature. Finally emission line-widths measured from
high-resolution spectra combined with near-infrared im-
ages and our HI mass estimates could settle the debate
about the masses of LCBGs.
5. SUMMARY AND CONCLUSIONS
In this paper, we present a sample of local analogues
to the intermediate- and high-z LCBGs. We selected
our sample from only those KISS galaxies that are ac-
tively forming stars. Due to resolution effects, we limit
our sample to only those galaxies within 185 Mpc of the
Milky Way. The sample of LCBGs is defined by the fol-
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lowing criteria: a surface brightness limit of SBe < 21.0
mag arcsec−2, an absolute magnitude limit of MB <
−18.5, and a color cut-off of B − V < 0.6 with H0 = 75
km s−1 Mpc−1. A total of 16 KISS SFGs meet these
criteria.
We have compared some of the properties of the KISS
LCBG candidates to those of a comparison sample of
KISS SFGs, and a comparison sample of Century Sur-
vey (CS) galaxies that are supposed to represent “nor-
mal galaxies.” On average, the KISS LCBG candidates
have a higher tendency to emit detectable radio contin-
uum flux, have higher Hα luminosities indicating strong
star-formation properties, have slightly lower than ex-
pected metal abundances for KISS galaxies of their lu-
minosity, and considerably smaller size than those galax-
ies in both KISS and CS comparison samples. We have
calculated the volume density for the sample of local
LCBG candidates to be 5.4 × 10−4h375Mpc−3. This
value indicates a substantial density evolution of LCBGs,
which is in general agreement with the predictions made
by Lilly et al. (1996); Phillips et al. (1997); Lilly et al.
(1998) and Malle´n-Ornelas et al. (1999). However, pre-
cise estimates of the density evolution of the LCBGs are
difficult, due to the large uncertainties in the values of
the volume density for higher-redshift populations. We
have utilized the CS database in an attempt to select a
sample of local non-active LCBGs in order to constrain
the density of non-star-forming LCBGs. We found no ad-
ditional non-star-forming LCBGs, although one weakly
star-forming (possibly post-starburst) galaxy was recog-
nized. We postulate that LCBGs are structurally predis-
posed for star-formation, and that their compact nature
may be indicative of a high central gas concentration that
drives ongoing star-formation.
The need for a local sample of LCBGs is well docu-
mented. Much of the published work on these galaxies
speaks to the need for a representative local comparison
sample that will help settle the debates over their size
and mass, morphology, and low- redshift counterparts.
We conclude that our sample of local LCBG candidates
contains galaxies that are likely to be local versions of
the more distant LCBGs. This local sample provides the
starting point in our ongoing study of the properties and
evolution of LCBGs.
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TABLE 1
A KISS sample of LCBG candidates.
KISSR KISSB mB B-V Diameter SBe Dist MB log LHα log P1.4GHz
# # kpc mag/arcsec2 Mpc ergs/s Watts/Hz
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
113 · · · 15.36 0.40 1.53 18.52 93 -19.48 40.46 · · ·
147 · · · 12.44 0.55 6.53 20.68 33 -20.18 39.59 22.19
218 · · · 15.34 0.49 4.21 20.93 84 -19.29 41.20 21.60
242 128 16.66 0.35 4.02 20.84 153 -19.26 41.72 21.62
· · · 169 16.56 0.51 3.39 20.86 122 -18.87 41.14 · · ·
707 189 14.99 0.40 5.42 20.85 94 -19.87 41.64 21.41
1094 218 15.24 0.41 6.08 20.60 134 -20.40 41.91 21.86
1271 · · · 17.33 0.50 2.82 20.74 153 -18.60 40.40 · · ·
1274 · · · 14.37 0.57 6.91 20.58 99 -20.61 41.65 21.89
1400 · · · 16.45 0.17 4.49 20.57 176 -19.78 41.24 · · ·
1438 · · · 16.52 0.33 3.01 20.81 109 -18.67 40.66 · · ·
1578 · · · 15.85 0.40 3.11 20.12 114 -19.43 41.64 21.71
1637 · · · 16.30 0.33 4.46 20.89 141 -19.44 41.14 · · ·
1664 · · · 15.33 0.60 5.96 20.62 136 -20.34 41.66 22.22
1870 · · · 15.66 0.59 2.99 20.71 76 -18.75 41.09 · · ·
2079 · · · 16.80 0.52 3.17 20.84 129 -18.75 41.20 · · ·
